Objective: The relationships between body fat distribution, lipid profile and blood pressure, have not been studied extensively in young population. This study was designed to evaluate the association between measures of adiposity and established cardiovascular risk factors in adolescent girls.
Introduction
prevalence of type 2 diabetes and cardiovascular risk factors in parts of Asia in which the mean Body Mass Index (BMI) is lower than in the United States. Among teenagers, risk factors for childhood overweight were associated with greater shifts in the upper parts of the children's BMI distribution than in the middle and lower parts [2] . Daniel et al (1999) suggested that fat distribution may be important in determining risk of cardiovascular disease. For both adults and children, a more central distribution of fat is associated with type 2 diabetes mellitus, a worse cardiovascular disease risk profile, and other adverse outcomes [3] . An android fat pattern with distribution of excess fat in the upper body region, particularly the abdomen, has been associated with increased risk when compared to the gynacoid pattern, with increased fat particularly in the hips and thighs [4, 5] .
Bioelectrical Impedance Analyses (BIA) provides a direct and precise measure of lean body mass and total fat mass. This method also allows quantification of fat mass in anatomically defined regions of interest, which allows more precise evaluation of the impact of fat distribution [6, 7] .
CRP (C-reactive protein) is thought to be a useful additional biomarker for the evaluation of risk for cardiovascular disease. The high correlation between high sensitive CRP (hsCRP) and cardiovascular disease was established in large epidemiological studies in healthy people [8] . Although the prevalence of obesity and metabolic syndrome has previously been reported to be high in adolescent girls [9] , limited research is done dealing with the association of fat distribution with metabolic risk factors in adolescents. Therefore, the purpose of this present study was to evaluate the association between adiposity and fat distribution on established cardiovascular risk factors in adolescent girls. The dependent variables were lipid and lipoprotein concentrations, systolic and diastolic blood pressures, fasting blood sugar and inflammatory marker.
Subjects and Methods
This cross-sectional study was conducted among 622 adolescent girls aged 15-18 years, recruiting from May to July 2007, in Mashhad, Iran. The data collection was carried out in high schools from five different educational districts throughout Mashhad using multi-stage sampling technique. Subjects were chosen if they were healthy and excluded with congestive heart disease, renal disease and endocrine abnormalities (polycystic ovary syndrome) going through their past medical history obtaining in self administered questionnaire. The participation in this study was confirmed via getting informed consent from subjects and their parents. The Ethics Committee of the Mashhad Medical University approved the protocol. Demographic data were collected by completing a self administered questionnaire. Among 622 subjects that completed the questionnaire and were assessed for anthropometric measurement, 538 participated in the biochemical assessment and of these 477 completed body composition measurement respectively. Therefore our analyses were conducted on the 477 subjects for whom we had full information.
Anthropometric parameters including height, weight, waist and hip circumference were measured. Weight was measured while subjects wore only light clothing using a digital weighing scale (Seca 881 digital floor scale), height was assessed without shoes using a height-meter (Seca 214 portable stadiometer) [10] . Waist circumference (at the smallest point between lower costal and 10 th rib border) and hip circumference (at the level of the greatest posterior protuberance of the buttocks corresponding anteriorly to the level of the symphysis pubis) were determined using a non-elastic fiberglass measuring tape [10, 11] . Blood pressure (BP) was measured in the right arm while the subject was seated in a relaxed position using a mercury sphygmomanometer (Hader Aneroid Guage-W/Balanced inflation system adult size) [12] .
Anthropometric indices including; body mass index (BMI)=weight (kg) / height (m) 2 , waist to hip ratio (WHR) and waist to stature ratio (WSR) were calculated. Overweight and obesity were defined as BMI-Z score 1SD and 2SD more than median for age and sex group [13] . Central obesity was defined with waist circumference above 95 th percentile according to CASPIAN study [14] . WHR in the range of 0.8-1 was defined as a strong cardiovascular risk factor [15] .
Body composition parameters were assessed using BIA, TANITA Body Composition Analyzer (Model BC-418 MA, Japan) at Mashhad Ghaem Hospital. Stepping on the weighing platform with bare feet, anterior and posterior electrodes touched subject feet. The hand grips were squeezed by the subject, after stabilizing the body weight figure on the display [7] . The parameters measured included fat mass, fat free mass, total body water, total body fat percentage and the percentage of fat in different parts of body (trunk, arms and leg). Subjects were categorized to low, normal and high groups based on the amount of fat mass or fat free mass.
A total of 10 ml fasting venous blood was collected from subjects in Mashhad Ghaem Hospital. Biochemical parameters including fasting blood sugar (FBS), triglyceride (TG), total cholesterol (TC), HDL-cholesterol (HDL-c) and high sensitive C-reactive protein (hs-CRP) were assessed in the laboratory of Bu-Ali medical research center in Mashhad. Enzymatic colorimetric method was used to determine FBS, TC and TG. The coefficients of variations (%CV) for these measurements were 2.8-3.1%, 0.29-0.43% and <4%, respectively. Low density lipoprotein cholesterol (LDL-c) and high density lipoprotein cholesterol (HDL-c) were also determined by homogenous enzymatic assay (CV=2.4-8.4%). A Parsazmun Kit was used to determine the concentration of hsCRP using photometric method by applying HEPES and Borate buffer as reagents (CV<1%) [16, 17] .
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) 15.0. The normality of data was checked and transformation was done for not normal data. Descriptive statistics, including mean and SD were calculated for continuous variables. The dependent variables were established cardiovascular risk factors, including lipid and lipoprotein concentrations, blood pressure, and CRP. One-way ANOVA was done to compare the mean of mentioned variables among different categorization of body fat composition. The relationships between body composition, anthropometric variables and risk factors were assessed using correlation coefficient. For HDL-c and FBS, non-parametric test was done. In order to evaluate the independence of correlates of risk factor variables, after adjusting for age and socioeconomic status of family, linear regression analysis was used, except for CRP, response of which was observed by exponential regression. Statistical significance level was considered as P less than 0.05.
Findings
Mean age of the subjects was 16.4±0.9 years. Using BMI Z-score for age and gender (WHO 2007), 14.6% (BMI Z-score 1 SD>median), 3.4% (BMI Zscore 2 SD>median) of subjects were defined as overweight and obese respectively. WC larger than 95 th percentile for Iranian adolescent girls (CASPIAN study) was present in 9.5% of subjects. WHR, more than 0.8, as a cardiovascular risk factor was shown in 10% of subjects. Waist-toheight ratio, which was determined as another criterion for abdominal obesity, was higher than 0.5 in more than 10% of study subjects. The mean body fat percentage was 21.3%±7.1 and total fat mass was 11.6±6.2 kg (Table 1) .
Approximately 16% of study population had greater fat mass compared to its normal distribution. Focusing on central obesity, around 13.8% of subjects had high amounts of truncal fat. Among different cardiovascular risk factors in this study, triglyceride concentration was higher than the Esmaillzadeh (2006) cut off point [32] for adolescent girls in 24.5% of subjects. Moreover the concentration of HDL-c cholesterol was lower than normal in approximately 60% of them ( Table  2 ).
All anthropometric indices showed significant correlation with fat mass, fat free mass, body fat percent and its distribution in whole body (P<0.001)( Table 3) . BMI showed a strong association with body fat percent (r=0.87 P<0.001), fat mass (r=0.91 P<0.001) and fat free mass (r=0.80 P<0.001) whereas WC showed a much stronger relationship with trunk fat (r=0.858 P<0.001). Mentioning relationship between body fat parameters and waist circumference, by increment of WC to more than 80 cm, body fat measures increased significantly (P<0.001).
There was an increasing trend in BMI from less than 24 kg/m 2 to more than 28 with an increment in fat mass and fat distribution (P<0.001). As (Table 3) .
After categorizing subjects based on their body fat measures, ANOVA indicated that the mean of the majority of cardiovascular risk factors, especially systolic and diastolic blood pressure and triglyceride concentration, were significantly greater in group with high body fat when compared with normal and low group (Table 4, 5). CRP was significantly increased in subjects with higher levels of fat mass (P=0.003) and trunk fat (P=0.001) as well as lower level of fat free mass (P=0.03). FBS depicted remarkable increase in subjects with high fat free mass when compared with low level (P=0.02).
All anthropometric parameters and related indices increased significantly in subjects with greater body fat composition. Evaluating the cardiovascular risk factors, the number of these 
Discussion
According to previous knowledge regarding the relatively high prevalence of obesity, metabolic syndrome and its components in adolescent [9] , this study was designed to measure indices of adiposity and highlight their association with metabolic abnormalities as the cardiovascular risk factors. Regarding to the association of obesity risk factors with higher BMI in adolescents [2] , this study clarified that increment in total body fat especially truncal fat (central obesity), which can be assessed by anthropometric indices preferably body mass index, waist circumference and WC/Height, were significantly related to increase in cardiovascular risk factors which was demonstrated by triglyceride concentration, CRP, systolic and diastolic blood pressure rise up in this study. These results suggest that body fat including abdominal fat is an important determinant of cardiovascular risk factor status in adolescent girls. This is of particular importance in young population because their mean weight was relatively normal accompanied low truncal fat mass. The gradual deposition and distribution of fat while these adolescents become adults will be of importance regarding greater fat accumulation in trunk and increasingly unfavorable cardiovascular risk status [3] .
Consistent with other studies, the results of current study showed a significant increase in CRP among subjects who had a greater body fat composition when compared to low and normal group [18] [19] [20] . Increments in BMI and WC were positively associated with hsCRP, a biomarker of the inflammatory process in adolescent girls. CRP concentrations within the high-normal range have been shown to predict cardiovascular disease and development of metabolic abnormalities in children and adolescents [19] [20] [21] .
These results are consistent with Thomas et al (2004) and Novotny et al (2006) who have shown that for a given level of BMI, subscapular skinfold (central body fat measure) remains a significant and independent predictor of coronary heart disease risk in adolescents [22, 23] . Obesity, especially abdominal adiposity has been shown to be important determinants of insulin resistance and diabetes in youth [21, 24, 25] . This fact was confirmed by significant increase in fasting blood sugar among subjects with high levels of trunk fat in our study, although late occurrence of changing in fasting blood sugar during insulin resistance in adolescents made the related correlations not much strong. The mechanism by which truncal fat deposition influences cardiovascular risk factors can be related to lower insulin sensitivity, which was likely to be present in 16% of study population as assessed by fasting hyperglycemia. Visceral adipocytes are less responsive to the action of insulin in obese subjects. Insulin resistance leads to increased delivery of fatty acids to the liver which is a determinant of triglyceride production [26] .
The relationship between insulin sensitivity to blood pressure in obese adolescents was shown by Rocchini (1989 Rocchini ( , 1993 [27, 28] . Increased circulating levels of insulin are related to blood pressure elevation due to the effect of insulin in excretion of sodium and water, leading to increased circulating blood volume. The relationship between increased body fat with elevated triglyceride, CRP and blood pressure also the association of lipid, blood pressure and inflammatory marker CRP alterations with measures of central obesity such as waist circumference and anthropometric indices which was demonstrated in this study, has been confirmed in both adults and children by other researchers [11, 21, 29, 30] . However most of these studies have used less direct anthropometric measures such as waist and hip circumferences. These measurements can be useful but are subject to variability due to differences in measurements and observer bias. Body composition analyze using BIA has the advantages of indirect measurement of fat and fat free mass and the ability to evaluate differences in fat deposition by region which leads to more precise measurement of fat mass and a better understanding of the role of fat distribution, the issue that was mentioned in this research.
As more central deposition of fat has been shown to be associated with high blood pressure and less favorable lipid and lipoprotein levels, it is important to find simple, useful measures of fat deposition for possible use in clinical settings. This study showed significant relationship between body fat measures, especially trunk fat, with waist circumference and body mass index. Also these two anthropometric indices were significantly associated with triglyceride, CRP and blood pressure elevation. Moreover Bei-Fan et al (2002) showed in a meta-analysis on the relationship between BMI, waist circumference and risk factors of related chronic diseases such as type 2 diabetes, and lipoprotein disorders, that the prevalence of hypertension, diabetes, dyslipidemia and clustering of risk factors all increased in youth with increasing levels of BMI or waist circumference [31] . Therefore in conditions where BIA or DXA are not available for direct measurement of body fat composition, waist circumference preferably, and body mass index are useful measures for body fat composition status. These two indices which are so easily accessible can be a reliable tool for screening adolescents in order to estimate their body fat composition.
Conclusion
We found that total body fat particularly central fat was significantly associated with plasma triglycerides, CRP, systolic and diastolic blood pressure in adolescents. Waist circumference and body mass index associated with cardiovascular risk factors. These findings, for which a direct measure of fat distribution by region was used, suggest that prevention of central adiposity will be important in the planning of clinical intervention strategies to lower cardiovascular risk for young people.
